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SUMMARY 
A comparative study was made on soils and plant materials of 
the use of various catalysts, singly and in combination, in determi-
nation of total nitrogen by the Kjeldahl-Gunning-Arnold method to 
include nitrate nitrogen. The addition of .1 gram of selenium reduced 
greatly the period of digestion, especially when used in combination 
with mercuric oxide. The results obtained with these catalysts were 
as accurate as those secured by the "official method," which is far 
more time consuming. 
The adopted procedure is outlined in detail. It is based on effi-
ciency, adaptability to a wide range of materials and relatively reason-
able cost of the necessary reagents-sodium thiosulphate, sodium sulp-
hate, selenium, mercuric oxide and copper sulphate. · 
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The official Kjeldahl-Gunning-Arnold method (1) for the total determination of nitrogen, while good for all general purposes, is not 
always satisfactory for at least certain plant and soil material. Some 
substances are difficult to clear by this procedure and the time of diges-
tion may be unduly long. This is annoying indeed when a large number 
of samples is to be analyzed in the shortest possible time. 
To accelerate the digestion, phosphates (2) have been used in place of sulphate salts and selenium has been tested and suggested as 
a catalyst by several investigators (7-12). Commonly it has been used in combination with other catalysts, such as copper sulphate and 
mercuric oxide (3, 7, 9, 13). The results have frequently shown a mark-
edly reduced digestion time and the nitrogen percentages obtained 
were in close agreement with those secured by the offic ial method. The objec t of the present study was to test the convenience and 
accuracy of the procedure when some of the most promising catalysts 
are used in the total nitrogen determination by the Kjeldahl-Gunning-Arnold method to inch1de nitrate nitrogen (1), and precautions are 
taken as to absence of moisture in the sample (4). The biological 
material selected for this purpose was of a type most frequently en-
countered in th '.: laboratory of the Department of Horticulture of 
the Missouri Agricultural Experiment Station . The soil samples in-
clude almost all major soi!. types of Missouri.* 
PROCEDURE 
One or half gram samples of the ground tissue, depending on the 
nitrogen content (10 grams in the case of soil analyses) were accur-
ately weighed and placed in 800 milli-liter Pyrex Kjeldahl flasks, 30 
ml. of concentrated H2SO 1 containing 1 gm. salicylic acid were added 
to the flasks and the samples thoroughly mixed with the acid and allowed 
to stand overnight. Five grams of N azS2'J3 were added to the mixture 
the next day and heat applied to the flasks with a low flame, followed by cooling. The salt and the catalyst mixture, as required, were then 
added and the digestion continued with a full flame. All flasks were 
turned through a 90° angle after each 10 minutes of digestion, which 
was continued till the total digestion time was 1.5 times the clearing 
*Submitted by Professor H . H. Krusekopf of the Soils Department. 
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time for each sample. \Vhen the flasks were cool, 300 ml. of distilled 
water was added to each flask, excepting those containing mercury, 
which received 27 5 ml. water and 25 ml. of a N azS solution ( 40 grams 
per liter). When cool, enough concentrated NaOH (1 gram per 1 ml. 
of H20) was allowed to run into each flask to neutralize the acid and 
make the solution alkaline, about 1.5 grams of 20 mesh zinc was 
dropped in and the ammonia distilled off into appropriate amount 
of .07141 normal HCI. The excess acid was titrated with .07141 nor-
mal N aOH, methyl red being the indicator. 
The digestion temperature was adjusted to ±600°C, the dis-
tillation temperature to ± 700°C. Both were determined repeatedly 
by a pyrometer. 
In all salt-catalyst combinations the following were the prop<M-
tions used: 
Grams 
Na2S04 (anhydrous) ___ __ __ ____ __ __ ___ _____ 10.0 
KzHPO.,i (anhydrous) _____ ____ ____________ _ 10.0 
KzHP04, 6.5 grams + Na2S04, 3.5 grams 10.0 
HgO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 7 
CuS04____________ __________ __ ___ ____ ____ .25 
Se __ __ ________________ _________ _________ .1 
No changes were made other than those listed in the procedure, 
excepting in the case of soil analyses, where the catalyst combination 
containing 10 grams K2HPO.,i needed about 5 ml. more H2S0.,1 to prevent 
them from boiling dry. Catalyst mixture No. 9 always required the 
extra acid and Nos. 3 and 6 usually. 
RESULTS 
The results of this study are presented in tables 1-4. In all in-
stances the figures are averages of duplicate determinat,ions. The di-
gestion period, in minutes, of various plant materials, in presence of 
certain combinations of catalysts, is given in Table 1. Figures of 
column 1 in this table show that it took almost invariably the longest 
time to digest the samples by the official method with CuS04 as a 
catalyst, less time when HgO was used (column 11) and still less when 
both of these catalysts were present (column 2). When K2HP04 was 
substituted for Na2S04, then the time was still more reduced (column 
3). Nothing, however, was gained by using both Na2S04 and K2HP04 
together with CuS04 and HgO (column 4). 
A conspicuous decrease of the digestion period occurred whenever 
selenium was present as one of the catalysts (columns 5-10 and 12), 
and particularly so in combination with HgO. This is in agreement 
with the results secured by Messman (12), Taylor (7) and Hitchcock 
TABLE 1.-DIGESTION TIME, IN MINUTES, IN TOTAL NITROGEN DETERMINATION OF VARIOUS PLANT MATERIALS. 
"' 10. I '-. Catalysts 1. 2. 3. 4. 5. 6. 7. 8. 9. 11. "- Used NaiSO, 
', 
Na.so, Na.SO, K2HPO, Na.SO, Na.SO, K2HPO, K2HPO, Na2SO, K2HPO, Na,SO, I Na.SO, Cu so, Cu SO, Cu SO, K2HPO, Cu so. cu so, Cu so, HgO HgO K2HPO, HgO Plant 
' 
HgO HgO Cu so, HgO HgO HgO Se Se HgO Material 
' 
HgO Se Se Se Se 
Apple roots _______ ____ 75 48 40 40 25 39 24 23 24 25 62 Apple twigs ___ ________ 73 46 38 41 23 25 24 25 28 28 57 Apple spurs ______ __ __ _ 71 42 37 42 24 25 24 27 25 25 60 Apple leaves ________ __ 48 36 33 33 21 22 22 22 21 22 45 Strawberry roots ____ __ 81 48 45 42 21 21 22 21 18 18 42 Strawberry stems ______ 63 36 36 38 21 23 21 21 22 21 48 Strawberry leavt:s __ ___ 59 47 37 34 19 22 22 22 24 22 45 Strawberry fruit_ _____ _ 60 45 32 37 22 21 25 26 22 20 42 Tomato leav es ___ _____ 54 36 36 36 20 22 21 18 18 18 39 Tomato stems ________ 51 31 26 30 20 22 21 22 20 15 30 To ma to fruit_ __ ___ ___ 54 37 34 29 24 16 15 18 18 21 55 Soybea n leaves _____ ___ 45 36 32 30 22 20 18 19 15 2 1 51 Soybean stems ________ 55 37 30 39 21 24 18 18 16 23 45 Blue g rass ___ ________ _ 51 34 27 28 22 18 18 16 15 16 45 rable beets __ ________ _ 46 33 27 27 20 18 18 18 17 18 39 )ugar beet lea ves ______ 38 34 30 30 20 17 18 18 16 16 33 
i\ verage digestion time_, 57. 75 I 39 .13 I 33 . 75 34 . 75 I 21. 56 22 .18 I 20.68 20.36 I 19. 93 I 20.57 I 46 .' 13 I 
TABLE 2.-DIGESTJON TIME, IN MINUTES, IN TOTAL NITROGEN DETERM INATION OF SOILS. 
""' 
Cata lysts !. 2. 3. 4. 5. 6. 7. 8. 9. 10. I!. 
', 
Used Na,SO, NaoSO, Na,so, K2HPO, Na.SO, Na,SO, K2HPO, K,HPO, Na2SO, K2HPO, Na,SO, Na,SO, 
' 
Cu so, cu so, Cu SO, K2HPO, Cu so, Cu so, Cu so, HgO HgO K2HPO, HgO 
', 
HgO HgO Cu so, 
I 
HgO HgO HgO Se Se HgO oils HgO Se Se Se Se s 
Lintonia _ _ _ __ ------ __ 88 33 27 27 21 17 17 17 17 17 45 TilsiL __ __ - -- _ -- - - _ - _ 86 30 24 22 18 18 18 18 18 18 36 Union ____ ____________ 88 31 27 27 19 20 20 20 20 20 39 Hagerstown __________ 89 35 24 24 17 18 18 18 18 . 18 42 Summit_ ___ ___ ___ ___ _ 88 35 24 21 18 18 17 17 17 17 40 Lindley ___ ___________ 88 38 25 22 19 16 16 16 16 16 39 Marshal_ ______ ___ ____ 42 27 25 25 20 18 18 15 16 16 27 Sh a-rkey ______________ 54 36 26 41 22 17 17 23 17 17 43 Grundy _____________ _ 51 34 36 27 15 17 18 17 17 17 49 Cra wford __ ___________ 88 39 27 22 17 15 15 15 18 19 37 Oswego ___ · ____ :.. ______ 42 36 33 
I 
28 18 21 21 21 21 21 45 Waverly _____________ 70 46 44 44 30 24 22 24 20 20 60 Putnam __ ----- ______ _ 45 27 22 24 19 19 18 19 17 19 36 
Average digestion time_ 70.69 34.39 28. 00 I 27 . 23 19 . 38 I 18.31 18. 07 I 18.46 I 17 .84 I 18.07 I 41. 38 I 
·--
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and Belden (9), who found that a combination of the two is more 
efficient than when used individually. Poe and Nalder (3) assert 
that a combination of copper, mercury and selenium effects the greatest 
saving of time. This was not obtained in our experiments, but it may 
be desirable for other biological material. Hence for general purposes 
a mixture of these three catalysts may be recommended. 
In Tables 3 and 4 are presented percentages of total nitrogen 
of all determinations. The figures are averages of duplicate analyses, 
carefully executed. It will be noted that the variations are no larger 
than usually exist in tests of this kind. They are within the realm of 
the second decimal fraction. Naturally no great differences in the re-
sults should be expected, though the combinations of catalysts varied 
considerably. 
In general then, the catalysts used had a marked effect in Kjel-
dahlization on the speed of digestion, but had no appreciable influence 
on exactness of the total nitrogen determination of soils and plant 
materials. 
ADOPTED PROCEDURE 
Based on the results secured in th::!se experiments and those of 
other investigators, the following proced1.Ire has been adopted and is 
being used successfully in our laboratory (see column 5). All things 
considered, it is rapid and convenient and the reagents are not costly. 
The sample, varying from .5 to 10 grams according to the nitrogen 
content, is placed in a 800 ml. Kjeldahl flask, 30 ml. of concentrated 
H2S04, containing I gram of salicylic acid, is added and the contents 
thoroughly shaken and preferably allowed to stand overnight. Then 
5 grams N a2S20a is added and the flask heated slowly for 5 to 10 min-
utes. Ten grams of anhydrous Na2S01 and the catalysts, consisting of 
.I gram selenium, .25 gram CuS04 and .7 gram HgO, are added and 
the digestion continued till the total digestion time is approximately 
1.5 times the clearing time for each sample. When cool, 300 ml. of 
distilled water is poured into the flask and enough concentrated N aOH 
(I gram per ml. of H 20), containing I gram Na2S for every 75 ml., 
is added to neutralize the acid and make the solution strongly alkaline. 
About 1.5 gram of 20 mesh zinc is used to prevent bumping during the 
distillation. 
The use of the catalysts may be simplified by preparing a mixture 
of the three materials in the following proportion by weight: 10 of 
selenium, 25 of CuS04 and 70 of HgO. The CuS01 must be finely 
ground and the selenium and HgO thoroughly mixed with it. By 
using 1.05 grams of this mixture the above mentioned amounts will 
. be added. 
TABLE 3.-PERCENTAGE OF TOTAL NITROGEN, ON DRY WEIGHT BASIS, IN VARIOUS PLANT MATERIALS. 
" " Catalysts I. 2. 3. 4. 5. 6. 7. 8. 9. 10. II. ~ Used Na2SO, Average Na,so, Na2SO, K2HPO, NaoSO, N02SO, K2HPQ, K2HPO, Na2so, K2HPO, Na2SO, Na2SO, 
" 
%N Cu so, Cu so, Cu so, K2HPO, Cu SO, Cu so, Cu SOI HgO HgO KiHPO, HgO Plant 
"" 
All deter- HgO HgO Cu so, HgO HgO HgO Se Se HgO 
Matcriai mi nations HgO Se Se Se Se 
Apple roots_- --------- - 1. 745 1. 76 I. 725 I. 74 I. 735 I. 73 I . 73 7 I. 77 I. 765 1. 752 I. 748 I. 74 Apple twigs __ ________ __ 
.622 .692 .683 .692 .692 .682 .685 .695 .682 .682 .678 .67 Apple spu rs ________ ___ _ 
.974 .977 . 975 .99 .972 . 952 . 975 .99 . 975 . 983 . 963 .97 App le leaves _______ ___ _ I. 825 1. 82 I.SU 1. 81 1. 815 I . 795 I. 82 I. 85 1. 83 I. 85 1.846 1. 84 Strawberry roots _____ ___ 1.143 1.13 1.103 1. 16 1.15 1.15 1.16 I. 145 1.1 5 1.16 I. 15 I. 13 Strawberry stems ____ ___ 1.109 1.105 1.07 1.105 I. II 1.102 l. ll5 1.125 1.107 1.13 1.118 1. 12 Strawberry leaves ___ ____ I. 536 1.62 I. 516 I. 54 I. 52 1. 54 1. 52 I. 535 I. 53 1. 543 l. 526 1.54 Strawberry fruit_ ______ _ I. 957 1. 95 l. 93 I. 97 I. 95 I. 95 1. 97 1. 97 1. 957 1. 960 l. 963 I. 96 Tomato leaves __ __ _ _____ 4.062 4 .04 4.01 4.07 4 . 015 4.02 4.04 4.09 4.07 4. 13 4.08 4.10 Tomato stems __ __ ______ 1.053 1.04 1.045 . 1.06 1.045 1.03 I. 045 1.06 1.055 1.07 l.055 1.055 Tomato fruit_ ___ ___ __ __ 3.067 3 .05 3.04 3 . 12 3. 12 3 . 027 3. IO 3.065 3.01 3 .065 3.06 3. ll Soybean leaves _________ 6 .63 6.65 6.64 6.65 6.65 6.62 6.64 6.66 6.61 6.63 6.61 6.66 Soybean stems ________ _ 2. 988 2. 987 3.00 3.017 2 . 98 2 .96 2.97 3.00 2.99 3.01 3 .00 2. 995 Table beets _____ _____ __ 3. 253 3.28 3.265 3 . 34 3. 265 3. 22 3 . 25 3. 28 3 .26 3. 28 j. 23 3. 25 Sugar beet leaves __ ___ __ 5 .03 4.92 5.08 5.13 5 .05 5 . 13 5 . 07 5.06 5 .05 4.96 5.05 5 .OS Blue grass _______ __ ____ I. 51 l.54 I. 52 I. 53 1. 51 1.49 1. 54 I. 51 I. 52 1. 50 l.50 1. 55 
TABLE 4.-PERCENTAGE OF ToTAL NITROGEN, ON DRY WEIGHT BAsis, IN So1Ls. 
" I 
"" 
Catalysts I. 2. 3. 4. 5. 6. 7. 8. 9. 10. ll. Used Na2SO, 
"" 
Average Na,SO, Naiso, K, HPO, I Na,SO. Na,so, K2HPO, K2HPO, Na.so, K: HPO, Na:SO, Na,so, %N Cu so, Cu so, Cuso, K2HPO, Cu SO, cu so, Cu SO< HgO HgO K2HPO, HgO 
" 
All deter- HgO HgO Cu so, HgO HgO HgO Se Se HgO Soils 
" 
mi nat ions HgO Sc Sc Se Se 
Lintonia ______ ____ _____ 
. 1130 
. 11051 . 109() .1135 . 1122 . ll IO .1145 . ll35 . ll50 . l 145 .1145 . 1145 Tilsit_ ___ ________ _____ _ 
.0881 .0855 .0865 .0880 . 0872 .OS70 .0870 .0895 .0885 . 0905 .0905 .0872 Union ________________ _ 
. 0733 .0715 . 0715 .074() . 0730 .0725 .0737 .0745 .0730 .0747 .0742 .0740 Hagerstown __________ _ _ 
. 13 91 . 1395 .139() .1410 .1407 . 1387 . 1372 .1382 . 1382 .14 12 .1401 .1392 Summit_ _______ ---- --- .1502 . 1457 . 1485 . 1510 . 1497 . 1485 .1492 .1520 . 1510 . 1537 .1537 .1497 Lindley __ ___ ____ ____ ___ 
.0909 . 0900 .0910 .0915 .0915 .0887 .0875 , 0917 .0905 .09 17 .0927 .0920 Marshall __________ ____ 
.1497 .1460 . 1450 .1 510 . 1510 .1505 . 1492 .1535 . 1520 .1567 . 1512 .1455 S arkey ___ ______ ___ ___ 
.2397 .2407 .2400 .2400 . 2412 .2407 . 2415 .2425 .2417 .2425 . 2357 . 2397 Grundy ______ ___ ____ ___ 
.1950 . l 91Q .1915 . 1965 .1940 .1915 .1955 . 2000 . 1930 . 1994 .1984 . 1947 Putnam __ ---- ----- - - - - .1968 . 1925 .1960 . 1965 .196! . 1962 . 1975 .1992 . 1970 . 1997 .1982 .1955 Crawford ____ _______ __ _ 
.1166 . ll42 . 1160 . ll70 . Jl6() . ll47 . ll9J . ll85 . 1175 , 11 84 . 1182 .1160 Oswego ___________ __ ___ 
.1735 . 1665 . 1675 . 1710 . 1687 .1685 .1725 .1740 .1750 . 1779 . 1777 . 1690 Waverly ___ _____ _____ __ 
. 2084 . 2080 . 2075 .2100 . 2110 . 2085 . 2075 .2105 . 2095 . 2085 .2072 . 2075 
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